The coexistence of intraplate type alkaline volcanism with the dominant calc-alkaline activity in the Mexican volcanic belt has long been recognized and has been generally related to the extensional deformation under way along much of this volcanic arc. Recently, Márquez et al. (1999) proposed a provocative model in which these alkaline lavas, which they defined as oceanic-island basalts (OIB), are seen as the expression of a mantle plume that would have been active since the late Miocene beneath the Mexican volcanic belt. There is little doubt that OIB volcanism in the belt does not originate in the mantle wedge contaminated by subduction. However, we feel that Márquez et al. (1999) did not provide convincing evidence supporting the need for a plume. On the contrary, their hypothesis presented several problems. We discuss here two of them: (1) the proposed eastward migration of OIB volcanism and rifting is inconsistent with the geologic record; and (2) the volume of OIB volcanism and the pattern of deformation are inconsistent with a plume origin.
1. Márquez et al. (1999) suggested that plume-related volcanism and rifting propagated from west to east from the late Miocene to the present. Late Miocene OIB lavas are reported in the eastern Mexican volcanic belt (Negendank et al., 1985) but their existence in the western belt is questionable. In a study of the late Miocene basalts between Guadalajara and Querétaro, Ferrari et al. (1994) showed that none of these rocks has a clear OIB signature. Moore et al. (1994) used a Ba vs. Nb diagram to support an OIB signature for different basaltic suites in the Guadalajara area (their Fig. 7 ), but no late Miocene sample is plotted in it. In contrast, their analyses of the late Miocene samples show a clear negative spike at Nb when plotted in standard spider diagrams. On the other hand, OIB lavas are exposed from the Pacific coast to the Gulf of Mexico spanning nearly 1000 km without any eastward migration pattern (Table 1) . Likewise, there is no evidence of a propagating rift, since extension was already under way in the late Miocene, both in the western and in the central Mexican volcanic belt (Table 1) . Finally, the North American plate has been moving west-southwestward (245°), whereas outcrops of OIB lavas define a west-northwest (300°) belt from Tepic to Chichinautzin.
2. The impact of a plume head in western Mexico should have produced a massive event of OIB volcanism and regional uplift, which are not observed at all. Pliocene to Quaternary OIB-type lavas in the western Mexican volcanic belt and in the Michoacan-Guanajuato volcanic field amount to ~115 km 3 (Table 1) . Sierra Chichinautzin is formed by 221 volcanic centers, with a total volume ranging between 70 and 500 km 3 , depending on the method used to estimate it. Márquez et al. (1999) analyzed 26 samples, eight of which displayed an OIB pattern (i.e., 30%). However, according to the much larger dataset of Wallace and Carmichael (1999) only 19% of the centers of Sierra Chichinautzin have an intraplate affinity, which would imply a volume of 13-95 km 3 for OIB volcanism there. Based on these figures, even if we consider the late Miocene basalts north of Guadalajara, a very generous estimate of the volume of OIB lavas in the western and central Mexican volcanic belt would be in the order of a few thousands of cubic kilometers, a figure about three orders of magnitude smaller than the volume of the Columbia River basalts and far smaller than typical plume-related continental flood basalt provinces. In addition, no late Miocene to Quaternary regional doming is observed in the west-central Mexican volcanic belt. The "triple junction" lies at the center of a broad, depressed region at a mean elevation 500 m lower than the surrounding areas. To the north, Miocene ignimbrites and basalts are horizontal, or tilted and downfaulted toward this depression. The Jalisco block, which lies to the southwest, was uplifted well before the Miocene (Rosas-Elguera et al., 1996; Mercier de Lepinay et al., 1997, Fig. 5 ). In general, extension preceded OIB volcanism, suggesting passive rather than active rifting.
The claim of Márquez et al. (1999) that a subduction signature can be achieved by mixing of an OIB magma with a crustal component could be true for dacitic lavas but is hard to defend for primitive rocks (Wallace and Carmichael, 1999) . In addition, Blatter and Carmichael (1998) reported upper mantle xenoliths metasomatized by slab-derived fluids just 50 km west of Sierra Chichinautzin. The xenoliths are hosted in a subduction-related andesite which traversed the crust in less than two days, implying negligible crustal interaction.
We consider that the plume model poses more problems than those it pretends to solve. The space-time pattern of extension and volcanism in central Mexico has been successfully related to the evolution of plate boundaries (Rosas-Elguera et al., 1996; Ferrari et al., 1999) . In this frame, the occurrence of intraplate type lavas in the Mexican volcanic belt is better explained by upwelling of subslab material related to trench retreat and/or slab-windows, which does not imply large amounts of OIB lavas and a definite pattern of propagation of volcanism and extension. We welcome here the discussion of our paper from Ferrari and RosasElguera. We believe that our colleagues have failed to understand the uniqueness of the Mexican volcanic belt. For example, different from other active margins, the belt is characterized by a full-scale continental rift system (Márquez et al., 1999) , including a remarkably well-defined graben triple junction (rrr) in its western domain. This is not, by any means, what we would expect in a typical active margin. On the contrary, this setting resembles a case of continental rifting at plate-breaking margins (e.g., Afar in eastern Africa). Our model advocates the existence of unrooted plume materials beneath the Mexican volcanic belt because, among other things, this is a textbook case of rrr triple junction, the oceanic-island basalts (OIB) have a geochemical signature similar to plumerelated magmas, and there is a clear migration pattern for the initiation of OIB volcanism along the belt (Márquez et al., 1999) . There is a dramatic westward thinning of the crust (15 km) (e.g., Wallace and Carmichael, 1999) , i.e., towards the rrr junction. This is a solid argument to sustain our proposal indicating that the rifting is proceeding from west to east. We are surprised by the comments of our colleagues regarding ages of volcanism. They do not include the data for Guadalajara (10 Ma) and Chichinautzin and Cuenca Oriental (both <0.04 Ma) (see Table 1 of Comment, and Fig. 1 of Márquez et al., 1999) . If these ages for the initiation of OIB volcanism are omitted, the migration is less apparent. However, note that their Pliocene data (initiation of volcanism at 4.7 to 3.3 Ma) cluster around 105°W-103°W, while at 101°W the basalts are late Pliocene-Quaternary. If we further include the data from Chichinautzin (99°40′ to 98°40′W; <0.04 Ma) or the Cuenca Oriental basalts (97°30′ to 97°15′W; <0.04 Ma), the eastward migration for the initiation of OIB volcanism is even more obvious. Our colleagues also ignore the fact that both the plate movement and the inferred outcrop directions (245° and 300°, according to them, after picking out only two locations cited in our original paper) have large uncertainties, and would be indistinguishable from each other on the basis of a statistical sample-population test (ANOVA).
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Alkalic (ocean-island basalt type) and calc-alkalic volcanism in the Mexican volcanic belt: A case for plume-related magmatism and propagating rifting at an active margin?: Comment and Reply
Our colleagues deny the widespread existence of OIB-type lavas in the Mexican volcanic belt. Márquez et al. (1999) had already pointed out their presence throughout the belt. We further explore this in two new papers by Verma (1999a) on Chichinautzin (central belt) and Verma (1999b) on Los Humeros (eastern belt).
Ferrari and Rosas-Elguera also place too strong an emphasis on the role of a negative Nb anomaly in multi-element normalized diagrams to infer tectonic settings and then apply these arguments to volume relationships of different types of magmas. Determination of Nb by X-ray fluorescence spectrometry, particularly at low concentration levels (a few ppm), is extremely difficult and is consequently characterized by large uncertainties. Total analytical uncertainties should always be stated explicitly and include an assessment of both random and systematic errors. These uncertainties were not even estimated by Ferrari et al. (1994) and were underestimated by Wallace and Carmichael (1999) , who employed only four reference materials for the calibration of their instrument using biased mean concentration values obtained by an incorrect statistical procedure, as recently shown by Verma (1997) . Ferrari et al. (1994) and Wallace and Carmichael (1999) failed to discuss how the Nb concentrations of most of their so-called calc-alkaline magmas do not increase significantly from basaltic andesite to andesite and dacite, Nb being a highly incompatible element for the mineralogy of these rocks. Finally, the Blatter and Carmichael (1998) paper is cited to have reported upper mantle xenoliths metasomatized by "slab-derived fluids." We believe that it is a working hypothesis, unless accompanied by high-quality trace element and radiogenic and stable isotope data on these xenoliths. There is no real evidence that the postulated water was slab-derived; it could have come from the mantle itself.
Too often the equation calc-alkaline magmatism = subduction signature is put forward without questioning other variables involved in the system (e.g., Mexican volcanic belt). A volcanic suite cannot be characterized as subduction related merely because it has calc-alkaline characteristics or because it includes andesites and dacites (e.g., Glazner, 1990) . A similar error may result from another equation: negative Nb anomaly = subduction-related magmatism. An example of this oversimplistic approach to the problem is the misunderstanding of the nature of the late Miocene mafic units at the base of the Mexican volcanic belt. Let us mention just one example of the usefulness of this approach: The plume-related early Jurassic Central Atlantic tholeiites are characterized by a Nb negative anomaly (Marzoli et al., 1999) . We should not regard these rocks as subduction related merely because of the Nb anomaly unless we deny the very basics of plate tectonics. This is one of the reasons why we do not believe that a negative Nb anomaly (by itself) might provide a useful criterion to sustain or deny anything regarding a plate-tectonics setting. Our interpretation of the late Miocene rocks as plume related comes from the integration of several facts: the chemistry and huge volume of emitted basalts (>6,000 km 3 only in the northwestern part of the belt), their ubiquitous presence throughout the base of the belt (e.g., Ferrari et al., 1994) , and the chemistry of the OIB rocks and the tectonic setting. Even if our colleagues are right regarding the absence of large-scale uplift in the western domain of the belt, we should remind them of the following: Due to the lateral spreading of the plume material (as proposed in our paper), both the dynamic topography and the geoid subside, and the total topography rapidly decreases in elevation despite the addition of materials to the crust (Olson, 1994) . The speculation by Ferrari and Rosas-Elguera about the slab windows is an issue we address in a new paper by Verma (1999b) .
